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1 Introduction
From LS [1], RAN1 has provided agreements on the L1 signaling and HARQ timeline to support UL-DL reconfiguration in TDD eIMTA. In [2], the potential issues which might be impacted in RAN2 eIMTA are analyzed. In this paper, we further discuss the DRX operation in TDD eIMTA. 
2 Discussion
In DRX operation, onDurationTimer, drx-InactivityTimer, and drx-RetransmissionTimer are counted in PDCCH subframes. However, in TDD eIMTA, the TDD configurations may change frequently, e.g., configuration switch is 10ms most frequently. Once a UE mis-detects the L1 signalling indicating the actual TDD configuration, the DRX timers based on PDCCH subframe counting may not be aligned in eNB and UE sides. Thus, the active state and inactive state for DRX operation may not be aligned in eNB and UE sides. If the counting of these timers does not match, there can be a worst case where UE is awake but eNB does not transmit anything or eNB transmits something for the UE but UE is in inactive state. In the former case, unnecessary PDCCH monitoring occurs in the non-alignment area which results in UE power consumption; in the later case, the data would be missed in the UE side and retransmission is expected which results in radio resource waste. With these problems, we propose that DRX operation is discussed in TDD eIMTA.

Proposal:
RAN2 to discuss and decide the solutions of DRX operation in the TDD eIMTA.

Several solutions are raised for discussion. 

Option 1:
PDCCH subframe counting is based on PDCCH subframes in the DL HARQ reference configuration 
In the LS [1], RAN1 agreed to adapt a DL HARQ reference configuration for DL HARQ timing. 

· Agreements on HARQ timeline

· Downlink HARQ timing follows a higher layer RRC configured TDD configuration

· At least configurations 2 and 5 can be selected

· FFS other configurations

The DL HARQ reference configuration is with the most schedulable DL subframes and is used to indicate the HARQ timing where UE sends HARQ feedback for the DL transmission to eNB. Since the DL HARQ reference configuration is changed less frequently than the actual configuration, it can be used as the reference of PDCCH subframe counting for those DRX timers counted in PDCCH subframe. No matter what the actual TDD configuration is, the onDurationTimer, drx-InactivityTimer and drx-RetransmissionTimer are counted based on the PDCCH subframes in DL reference configuration.
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Figure 1: An example of PDCCH subframe counting based on the DL HARQ reference configuration
Figure 1 illustrates an example of a DL HARQ reference configuration. Assume eNB configures TDD configuration #1 as the DL HARQ reference configuration. eNB changes the actual TDD configuration from #0, to #6 to #1 according to the DL/UL traffic ratio. Instead of counting PDCCH subframes based on the actual TDD UL-DL configurations, here onDurationTimer, drx-InactivityTimer and drx-RetransmissionTimer are counted based on the PDCCH subframes in the DL HARQ reference configuration, i.e., TDD configuration #1.  
The number of PDCCH subframes in an actual TDD configuration is generally less than the PDCCH subframes in the DL HARQ reference configuration. Therefore, the PDCCH scheduling may be with less opportunity in actual TDD configuration in this case. However, eNB may compensate this effect by configuring larger values for onDurationTimer, drx-InactivityTimer and drx-RetransmissionTimer. 

Option 2:
PDCCH subframe counting is based on PDCCH subframes in the UL HARQ reference configuration

RAN1 further agreed to adopt a UL HARQ reference configuration for UL HARQ timing. 
· Further decide on the Uplink scheduling and HARQ timing between the following alternatives

· Alt-1:Uplink scheduling timing and HARQ timing follow TDD configuration signalled in SIB1

· Alt-2: Uplink scheduling timing and HARQ timing follow a higher layer RRC configured TDD configuration.
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Figure 2: An example of PDCCH subframe counting based on the UL HARQ reference configuration
The UL HARQ reference configuration is with the most schedulable UL subframes and is used to indicate the HARQ timing where UE expects HARQ feedback for the UL transmission from eNB.

Figure 2 illustrates an example that PDCCH subframe counting is based on the UL HARQ reference configuration. Assume eNB configures TDD configuration #0 as the UL reference configuration. eNB changes the actual TDD configuration from #0, to #6 to #1 according to the DL/UL traffic ratio. Instead of counting PDCCH subframes in actual TDD configuration, here onDurationTimer, drx-InactivityTimer and drx-RetransmissionTimer are counted based on the PDCCH subframes in the UL HARQ reference configuration, i.e., TDD configuration #0. The UL HARQ reference configuration may follow TDD configuration signalled in SIB1 (Alt. 1) or follow a higher layer RRC configured TDD configuration (Alt.2), which may be decided in RAN1. 
Option 3:
onDurationTimer, drx-InactivityTimer, and drx-RetransmissionTimer are counted in subframe basis  
To prevent the ambiguity in PDCCH subframe counting, one simple way is to change the counting of onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer to the subframe basis. In this case, no matter what kind of TDD configuration and UL/DL HARQ reference configurations are configured, both eNB and UE can count these timers in a synchronized way. However, eNB may need to configure different timer values in different TDD configurations to guarantee a UE monitors long enough PDCCH scheduling opportunities. 

3 Conclusion 
In this contribution, we discussed the DRX operation in TDD eIMTA. Several solutions are listed for RAN2’s discussion and decision. 
Proposal: RAN2 to discuss and decide the solutions of DRX operation in the TDD eIMTA.

Option 1:
PDCCH subframe counting is based on PDCCH subframes in the DL HARQ reference configuration. 
Option 2:
PDCCH subframe counting is based on PDCCH subframes in the UL HARQ reference configuration.
Option 3:
onDurationTimer, drx-InactivityTimer, and drx-RetransmissionTimer are counted in subframe basis.
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